Background It is unclear whether intensive surveillance protocols have resulted in a decreased incidence of colorectal cancer (CRC) in inflammatory bowel disease (IBD). Aims To determine the prevalence and characteristics of IBD associated high-grade dysplasia (HGD) or CRC that was undetected on prior colonoscopy. Methods This is a single-center, retrospective study from 1994 to 2013. All participants had a confirmed IBD diagnosis and underwent a colectomy with either HGD or CRC found in the colectomy specimen.The undetected group had no HGD or CRC on prior colonoscopies. The detected group had HGD or CRC identified on previous biopsies. Results Of 70 participants, with ulcerative colitis (UC) (n = 47), Crohn's disease (CD) (n = 21), and indeterminate colitis (n = 2), 29% (n = 20) had undetected HGD/ CRC at colectomy (15 HGD and 5 CRC). In the undetected group, 75% had prior LGD, 15% had indefinite dysplasia, and 10% had no dysplasia (HGD was found in colonic strictures). Patients in the undetected group were more 
Introduction
Patients with long-standing ulcerative colitis (UC) and Crohn's colitis are at an increased risk of developing colorectal cancer (CRC) due to chronic colonic inflammation. The reported incidence of CRC has varied greatly with early estimates that were six times higher than that in the general population and accounting for 10-15% of deaths in IBD patients [1] [2] [3] . Several more recent studies have demonstrated a risk that is comparable to that of the general population [4, 5] . The variation in risk estimates is due to multiple factors that can bias results such as extent of disease, referral bias, duration of follow-up, and geography [6, 7] .
Current clinical guidelines suggest colonoscopic surveillance for dysplasia every 1-3 years [8, 9] . However, it is unclear whether intensive surveillance protocols have resulted in a decrease in the incidence of CRC in IBD. Several studies have shown no change in the rate of CRC over time in IBD patients [4, 10, 11] . In those that have shown a decline in CRC, it is unclear whether this is related to improved quality of surveillance, improved medical therapeutics, or earlier surgical intervention [4, 11] . There are limited data describing the efficacy of colonoscopic surveillance as measured by missed or interval cancers in the setting of IBD. In one study of UC patients, more than half of the cases of CRC were interval cancers [12] . Another population-based investigation of older adults found that the risk of missed CRC was three times higher in IBD compared to the general population [13] . It is also unknown whether the incidence of missed or interval lesions has decreased over time.
The primary aim of this study was to investigate the prevalence of HGD or CRC lesions found at time of colectomy that were previously undetected on colonoscopy (undetected HGD/CRC), and to look at this trend over time. We hypothesized that the percent of undetected HGD/CRC at the time of colectomy should decrease with time. The secondary aim was to describe patient and lesion characteristics between patients with undetected HGD/ CRC compared with patients with previously detected HGD/CRC on prior colonoscopy.
Methods
Study Design, Study Sample, and Data Source This is a retrospective study that included all patients with an established diagnosis of IBD who underwent a complete abdominal colectomy at the Johns Hopkins Hospital from 1994 to 2013 with either HGD or CRC in the colectomy specimen and had at least one pathology report from a previous colonoscopy prior to colectomy. The Johns Hopkins Pathology Data System (PDS) was searched for all pathology reports that included the word ''colectomy'' and ''colitis.'' Factors pertaining to the processing of the colectomy samples in the pathology laboratory, such as the number of cut sections, were dictated by a specific protocol that did not change between 1994 and 2013. All biopsies from the colonoscopies were reviewed by an expert gastrointestinal pathologist at Johns Hopkins, including cases for which the colonoscopy was performed at another institution.
Pathology reports were reviewed to identify patients with HGD or CRC in the colectomy specimens. Patients were excluded if they did not have an established history of IBD (ulcerative colitis, Crohn's colitis or indeterminate colitis), had small bowel cancer, were missing pre-colectomy colonoscopy pathology reports, or had cancers that were not adenocarcinomas. Information on patient demographics, age at colectomy, disease duration, disease type and distribution (defined as the maximum extent of known disease), family history of IBD or CRC, and year of colectomy was abstracted. In those with prior dysplasia on colonoscopic biopsies, the date, severity of disease, and location of dysplasia were collected. Similar variables were obtained for HGD or CRC that was detected in the colectomy specimens.
Definitions
Patients in the undetected HGD/CRC group were defined as those who had no evidence of HGD or CRC on colonoscopies performed prior to their colectomies. Patients in the detected HGD/CRC group had HGD or CRC identified on a prior colonoscopy. The most recent colonoscopy prior to colectomy was used for dysplasia diagnosis in those with prior LGD, HGD, or CRC and was defined as the index colonoscopy. Any detected dysplasia on colonoscopy proximal to the splenic flexure was categorized as right sided, lesions distal to the splenic flexure up to the rectum were left sided, and those in the rectum were categorized as rectal dysplasia. HGD or CRC in more than one location was defined as multifocal. Patients with CRC were staged according to TNM staging.
Lesion Concordance
Concordance of location of dysplasia found on colonoscopy and in the colectomy specimens was evaluated by identifying each specific site of HGD/CRC in the colectomy specimen and determining if there was a corresponding site of dysplasia on the previous index colonoscopy. For this analysis, each specific site of dysplasia was isolated and accounted for inpatients with multifocal HGD/CRC.
Statistical Analysis
Patient characteristics and procedural factors were compared between the undetected and detected groups. The percent of undetected HGD/CRC per year was calculated between 1994 and 2013. Categorical variables were compared using Chi-square or Fisher exact test, where appropriate and continuous variables were compared using the Student's t test. The percent of undetected HGD/CRC diagnosed within 1 year, 2 years, and more than 2 years of index colonoscopy was calculated to determine what proportion of these cases could be attributed to missed or interval lesions. All statistical analyses were performed using Stata version 13 (StataCorp, College Station, TX). This study was approved by the Johns Hopkins institutional review board.
Results

Patient Characteristics
The initial search in the pathology database of ''colitis'' and ''colectomy'' yielded 1859 cases for patients of all ages. Out of these, 107 patients had HGD or CRC in the colectomy sample. After excluding patients without IBD (n = 22), those with small bowel cancer (n = 6), nonadenocarcinoma (n = 4), and no prior colonoscopies (n = 5), a total of 70 patients met criteria for the study. There were 47 patients with UC, 21 with CD, and 2 with indeterminate colitis. The mean age at diagnosis was 30 ± 15 years, and mean disease duration was 23 ± 12 years; 53 (76%) were men.
Prevalence and Characteristics of Undetected and Detected HGD/CRC
Out of the 70 patients, 20 patients (29%) had undetected HGD/CRC at the time of colectomy and 50 patients (71%) had detected HGD/CRC. Of the 20 patients with undetected HGD/CRC, 15 had HGD and 5 had CRC at the time of colectomy. There was no difference in patient characteristics between the two groups in terms of gender, age at diagnosis, disease type, time from disease onset to colectomy, and mean number of prior colonoscopies (Table 1) . A greater proportion (55%) of the undetected HGD/CRC group had a history of pancolitis compared to only 20% in the detected HGD/CRC group, p \ 0.01. Between the periods from 1994 to 2013, there was no clear trend toward a decline in the proportion of undetected HGD/CRC per year over time (Fig. 1 ).
All cases in the detected HGD/CRC group underwent a colectomy for prior HGD or CRC. In the undetected HGD/ CRC group, the indications for colectomy were LGD (71%), severe disease (10%), and complications (19%) such as bowel obstruction, perforation, and fistula. Those with undetected HGD/CRC had a median of 112 (IQR = 46-142) days between index colonoscopy and colectomy compared to 62 (IQR = 38-124) days in the detected group (Table 2) , p = 0.22. In the undetected HGD/CRC group with prior LGD, 82% (n = 14) had a colectomy within one year of the index colonoscopy, 10% (n = 2) within 2 years, and 5% (n = 1) more than 2 years after dysplasia detection on colonoscopy. In the detected HGD/CRC group, 90% (n = 45) underwent a colectomy within 1 year and 10% (n = 5) within 2 years of diagnosis of dysplasia on colonoscopy.
Colonoscopy Dysplasia Characteristics
Among those with undetected HGD/CRC, 15 (75%) had prior LGD, 3 (15%) had indefinite dysplasia, and 2 (10%) had no dysplasia on colonoscopy. A majority of the undetected HGD/CRC group with prior LGD or indefinite dysplasia had a history of UC compared to CD (Supplementary Table) . On the other hand, in the two patients with undetected HGD/CRC group and no prior dysplasia on colonoscopy, both patients had Crohn's disease and were operated for obstructive symptoms and had HGD in colonic strictures at the time of colectomy. A higher percent of the undetected HGD/CRC group had multifocal dysplasia (35 vs. 8%) compared to the detected group, p = 0.03. Of the 5 patients in the undetected HGD/CRC group who had CRC at time of colectomy, 2 had history of rectosigmoid strictures with LGD found at colonoscopy, 2 cases had multifocal polypoid LGD, and one patient had one area of polypoid dysplasia that was not endoscopically resectable.
HGD/CRC Characteristics at Colectomy
At the time of colectomy, the undetected HGD/CRC group was more likely to have HGD (75%) than CRC (25%), p = 0.02 (Table 2 ). In the detected HGD/CRC group, 38% had HGD and 62% had CRC. Overall, the two groups did not differ in terms of the location of HGD/CRC found at the time of colectomy, although there was a trend toward a higher percent of right-sided HGD/CRC at colectomy in the undetected HGD/CRC group (40 vs. 20%; p = 0.08) ( Table 2) .
Out of the patients with detected HGD/CRC, a majority had either T1, T3, or T4b stage adenocarcinoma found in the colectomy specimens (Table 2 ). In the undetected HGD/CRC group with CRC, three cases were stage T3 and the other two were T1 and T2; none had T4 disease.
Correlation Between Dysplasia Location at Colonoscopy and CRC Location at Colectomy
The sites of dysplasia (LGD, HGD or CRC) on index colonoscopy were compared to the locations of HGD/CRC found in the colectomy specimens for each patient. In the undetected HGD/CRC group, 5 (84%) of the lesions found in the rectum at colectomy were not seen on prior colonoscopy, and these patients were noted as having right-or left-sided dysplasia on colonoscopy (Table 3) . By contrast, in the detected HGD/CRC group, the rate of location discordance among rectal lesions was only 27%. For left-and right-sided lesions found at colectomy, location discordance was \30% for both undetected and detected HGD/ CRC groups.
Discussion
In this study, among patients with IBD who underwent a colectomy at a single tertiary institution, the incidence of previously undetected HGD or CRC identified in colectomy specimens over the last 20 years was 29% (n = 20). We observed no decrease in the rate of undetected HGD/CRC cases per year over time. A higher percent in the undetected group had history of pancolitis and multifocal dysplasia on colonoscopy. As almost all patients had a colonoscopy within 2 years of colectomy, we believe that most of the HGD/CRC lesions were missed, and not interval lesions. In our cohort, while 29% of the HGD/CRC found at colectomy were not detected on prior colonoscopy, only five of these cases were CRC. All these CRC cases had a prior colonoscopy, which showed either LGD within a rectosigmoid stricture, multifocal polypoid LGD, or an unresectable lesion found to have LGD. Therefore, none of the previously undetected cases of CRC arose from cases with a single flat LGD lesion on prior colonoscopy. Additionally, in contrast to the detected HGD/CRC group, none of the five patients had evidence of metastatic disease at colectomy.
A recent study by Krugliak Cleveland et al. [14] found no synchronous adenocarcinomas in patients who underwent colectomy for LGD at a single tertiary care center. In that study, only 1 out of 30 patients with LGD on colonoscopy was upstaged to HGD, and 3 additional patients were found to have one or more synchronous HGD lesions. The authors concluded that most dysplasia is visible with advanced colonoscopic imaging. Although we had 5 patients with LGD who were upstaged to CRC, these patients had evidence of a stricture or endoscopically visible lesions. Notably we had 15 patients with LGD who were found to have HGD at colectomy. While it is difficult to compare the results of our study to that of Krugliak Cleveland due to differences in study design (their starting point was patients with any dysplasia who went to colectomy, while our starting point was HGD or CRC at colectomy), it is possible that our high rate could be related to lack of standardization with advanced colonoscopy imaging.
In our cohort, we had 2 patients with LGD in rectosigmoid strictures on colonoscopy who had CRC at colectomy, and 2 patients with no dysplasia on biopsies from colonic strictures who had HGD at colectomy. The increased risk of neoplasia in colonic strictures in IBD has Fig. 1 Proportion of undetected HGD/CRC out of total number of HGD/CRC cases found in colectomy specimens per year from 1994 to 2013 in patients with inflammatory bowel disease been documented to be as high as 40% in one study [15] . However, a more recent population-based study in France found a lower risk with 3.5% of patients with IBD and colonic strictures having dysplasia [16] , indicating that closer surveillance may be needed in this group.
In terms of the location of the undetected HGD/CRC group, 40% were found to have right-sided lesions compared to 20% of the detected CRC group. This may be related to the higher rate of pancolitis in the undetected HGD/CRC group compared to the detected HGD/CRC group (52 vs. 20%). However, this right-sided predilection for missed or interval lesions may be similar to the pattern that is seen in sporadic CRC [17] . The reason for this rightsided predominance has been attributed to various factors such as inadequate bowel preparation, operator experience, or a different biologic characteristic of these tumors in the right colon [18] .
When the location of HGD/CRC in the colectomy specimens was correlated with the location of previous dysplasia noted on colonoscopy, 5 of 6 (84%) of rectal lesions with HGD/CRC at colectomy were not identified on prior colonoscopy as having rectal LGD in the undetected HGD/CRC group. A predisposition for missed CRC in the rectum has been described previously in the setting of sporadic CRC [19] [20] [21] . While there were more HGD/CRC lesions found in the right colon in the undetected versus detected groups, there was good correlation between location of previous LGD on colonoscopy and location of HGD/CRC at colectomy. Thus, the right-sided lesions were detected on colonoscopy but were identified as being of lower grade (LGD instead of HGD or CRC), while most of the rectal cancers were not even identified on prior colonoscopies in the undetected group. The right colon and rectum are considered to be traditionally difficult areas to perform colonoscopy and surveillance practices, and our findings support this. Some of the limitations of the study are the relatively small sample size (n = 70) and the lack of access to all the colonoscopy reports in the known HGD/CRC group. All characteristics of the dysplasia were based on the pathology reports, which were generated at Johns Hopkins. However, we were unable to comment accurately on procedural factors such as bowel prep, number of biopsies taken per colonoscopy, and use of high definition or chromoendoscopy. An additional limitation is that this is a descriptive study from one tertiary care center, such that there may be a component of referral bias and the results many not be widely generalizable. Also, because the study was conducted at a tertiary referral center, we do not have long-term follow-up data on these patients, which limits ability to assess factors including mortality. Finally, there is varied endoscopist experience in this sample, as many of the subjects had colonoscopies performed at another institution. However, most cases at our center were performed by gastroenterologists specializing in inflammatory bowel disease.
Despite these limitations, our study has numerous strengths. Currently, there are few studies on the prevalence of missed dysplastic lesions in IBD patients undergoing surveillance, and our study adds to the limited literature on this topic. Additionally, our study is one of few that uses cases of HGD/CRC found at colectomy as the denominator and then looks back to determine if lesions were missed. Some of the existing studies [13] used large administrative databases, which is limited by the amount of granular data that can be extracted on individual patient characteristics and risk factors. In our study, we illustrate a single tertiary care center experience during a 20-year period through detailed chart review that captures nuances of patient characteristics and features of dysplastic lesions including cancer stage and correlation with prior dysplasia location.
In conclusion, the prevalence of previously undetected HGD and CRC in IBD patients that was incidentally found at colectomy was 29% and did not appreciably change over the last 20 years. The 7% with undetected HGD/CRC did not occur in those with a single flat LGD lesion, and this should be reassuring. Our study reemphasizes the importance of aggressive surveillance in those with colonic strictures where HGD/CRC can be easily missed. Additionally, the high proportion of previously undetected rectal and right-sided HGD/CRC suggests that greater attention should be paid to adequately survey these areas. 
